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EM-1 CubeSats & Lunar IceCube rT ne 
Mission Overview MI >| 


> NASA’s EM-1 will be the maiden voyage of the Space 
Launch System (SLS), ushering NASA into a new era of 
solar system exploration 
sane) So Yeri0] 0) ole) ailalemalelaer-tam=y.(0)(e)e-ti(e]amel-\10)alem me) =t-1a0am@)ae)|| 
(LEO), will also serve as a platform to launch small satellites 
iW ila e)al eley-ce m= tswesy-\ere) aler-Vavm ey- Naley- (els) 
— EM-1 will launch thirteen CubeSats that will perform science 
investigations that address NASA Strategic Knowledge Gaps 


ee ; Secondary CubeSat payloads 
— CubeSat missions will also demonstrate a variety of enabling on the adapter between the 


it=Ye]al ale) eye |(=sspmlareqiuleliaremere)palaalelalcer-tile)am-laleme-valeliare SLS upper stage and the 
Orion spacecraft 


pas MS at-1am (ex-1 0101-11 ol-Melal-Me) Mm igl-mOxe | ol-\oy-1 Com ol-Mr-LUlareqal-le 
from EM-1 

— Lunar lceCube is a partnership between Morehead State 
University (MSU), GSFC, JPL, the Busek Company, and 
V(=Tanatolajmmkexeqalal(er-1m@xe)|{=10[>) 

— Lunar lceCube will prospect for water in solid, liquid, and vapor 
Co) anatswr-lareme)ialo)mulUlar-Vanve)t-Vil(s1smce)ta m= Mem ROOM (anmlUlar-lmre)ae)|| 

— Lunar IceCube will be deployed by the SLS at Bus Stop One, 
at a distance of approximately 25,000km 


Lunar CubeSat +t Spacecrat 
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pam Ul at- lem (exr-1@u0lol-mar-\uler-licelam-lace| 
communication poses challenges: 

— Precise orbit determination after 
(ol=}e)(e\Znnl=)almicmasvelelia-vom cola lelar-lmmineyy 
aarclalslonvcolm edie lalaliare 

Seen = <1 le)|sialiaremerelanlanleral(er-Uilelamilaleomelhcie 
NTaalitsreme)aleyey-lcem ele (-18 

>» To meet these challenges a large 
aperture on the ground is required 

— DSN will be the primary network 

Semen te 1 OM 'dlimantslarc\elsmelcel0lave me) el-1¢-lile)arsmielarel 
phases and utilize their 21-m antenna to 
felceyiicel=m-ylelaliicer-laimer-liam-tarem lial q@uarcteelia 

— The NEN, as a significant addition, can 
le) gehvi(e(=mexe)an] ©)a=)al-1alsi\om ieee Cale m-lare 
telemetry services from facilities around 
ivalome]le)el=) 
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UT aT Tam (ex-1Orelol-mar-MUlet-lilolam Uli mel: 
performed by the GSFC Flight 
Dynamics Facility (FDF) 
Seen Co) Om')'/116 9) ce)'/(0(-mar-hulef-lile)am-lare, 
laarelal=Jehu=lmm edt lalaliare) 
— FDF will provide planning, ephemeris 
generation, tracking evaluation, 
fo) ol=1e-1h(e)at=lm ecole | U(e]tommr-lacemel-ir-m-lceralhViiare 
LaX-ve (Ul ia-xomte-(el (lave mer-lt-M-lileMecit-li-ve| 
accuracies vary over the transfer 
ig: \(=le vol ayy 
— Frequency of tracking will vary from every 
fo) o) oe) aiUlaliNvValOM=n\{>1@mi=)) Mer-\Aome(>) 6\=18lel ale meyal 
idalom olarstsiome)m cals manlisss}(e)al 
— Navigation accuracies of <100 min 
position and <0.1 cm/s in velocity are 
required 


Lunar IceCube: Radiation Requirements 


pam Chm) Om e-lelt-1icelame)e-laleiam e\-1ace)enii-cemr-la) jones 
analysis for Lunar IceCube 


Sua Malo ea\elt-lile)amsyanvdlce)alaasjal mcm arclaciamice)aame! iz LL 
Galactic (Heavy lon) Radiation perspective & 
: ; } 1.0E+01 
— Trips through the Van Allen belts early in Ps 
the mission will expose Lunar IceCube to apie 


AXe)t\ (e)aly4ialemBless\-m GND) mate lelr-tile)al 
) ame Me lat-l am (ex- O10] ol-mat-lolt-ilelammce) (=e: lale> 1.0E-01 
Requirements: 
— Direct Radiative Effect (DRE) Electrical, 


1 10 100 1,000 


Aluminum Shielding (mils) 


Parts shall meet Linear Energy Transfer 
Threshold (LETth) of > 37 MeV-cm2/mg for 
soft errors from single events (SEU, Single 
Event Transients, etc.) 

— DRE EEE Parts shall meet LETth of > 75 
MeV-cm2/mg for potential destructive 
events (SEL, SEB, SEGR, etc.) 

— DRE EEE Parts shall meet 5 krads (Si) 
BX) r= 1 le)aly4jalem BlosX- mami D) m-lslelpaliale mole maaliis 
FAVESJal(=)(ellale} 
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NASA Near Earth Network Project Overview 


Near Earth Network (NEN) is composed of stations distributed throughout the world. 
The NEN supports orbits in the Near Earth region from Earth to 2 million kilometers 


ALaska SATELLITE FACILITY NOAA: FCDAS/GiLMorE 
Gitmore Creek, ALASKA 
GLA (13m), GLB (13m Cc 


White Sanps CompLex FAIRBANKS, ALASKA 
Wuire Sanos, New Mexico 4S1 (11m), AS2 (9m), AS3 (11m 
WS1 (18m), WSC VHF 1 (Quao Heux), a 

WSC VHF 2 (Quao Heuix) 


) 


_— 


Soutx Point Hawai Sarectite Station ee 
SoutH Point, Hawai 
USHIO1 (13m), USHIO2 (13m) 


Wa tops Grounp STATION 
Wattops, VIRGINIA a 
WG1 (11m), WG2 (5m), WGS VHF 1 (Quap HEL), gt™ 
WGS VHF 2 (Quao He.) » a 


Launch Communications STATIONS 
FLORIDA 
KUS (6m), PDL (6m) 


Mi NASA 
COMMERCIAL 
i PARTNER 
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KSAT: Svavsarp SaTeLuite STATION 


SSC: Norto Pote Sarevtite STATION Svavearo, Norway 


NortH Pote, ALASKA 
USAKO01 (13m), USAKO3 (5m), USAK04 (7m), 
USAKO5 (11m) 


TT 
< — = 


Launch Communications STATIONS 
FLoripA AND BERMUDA 
Te-4 (6m) (Ain Force), JDMTA (15m) (Ain Force), 
BDA (7m) (Research Rance Services) 


SSC: Santiaco Sareite Station 
SANTIAGO, CHILE 
SA1 (9m), SA2 (13m), SA3 (12m) 


KSAT: TROLL SaTELLiTe STATION 
TROLL, ANTARCTICA 
TR2 (7m), TR3 (7m) 


SG1 (11m), SG2 (11m), SG3 (13m) 


SSC: Esrance SATettite STATION 


KiRUNA, SWEDEN 
KU1S (13m), KU2S (13m) 


NOAA: Nario 
FCDAS: f 


KSAT: Sevetar Earth STATION 


McMurpo Station 
McMurpo, ANTARCTICA 
MG1 (10m) 


SINGAPORE 
Sit (9m) 


SSC: AustrALia SATELLITE STATION 
Donaara, AUSTRALIA 
AUWAO1 (13m), AUWAQ2 (7m) 


— 


SANSA: HarteBeestHoEK STATION 
HARTEBEESTHOEK, AFRICA 
HBKO2 (12m), HBKO5 (10m) 


Sample CubeSat Radios For Lunar 


and L1/L2 Missions 


Fli al Max Data NASA Network 


Innoflight / SCR-100 8.2x8.2x3.2 


Tethers Unlimited / SWIFT- 
SLX 


Clyde Space / S-Band TX 
(STX) 


10x10x3.5 
9.6x9.0x1.6 


Microhard / MHX-2420 8.9x5.3x1.8 


Quasonix / nano TX 3.3x3.3x3.3 


LASP & GSFC / X-band 
Radio 


Syrlinks / X-band 
Transmitter 


9.8x9x2 


9x9.6x2.4 


Marshall / X-band Tx 


Tethers Unlimited / SWIFT- 
XTS 


8.6x4.5 
(0.375U) 


JPL/ Iris Transponder 0.4U 


Canopus Systems / 
Ames Ka-band Tx 


Tethers Unlimited / 
SWIFT-KTX 


18x10x8.5 


8.6x4.5 
(0.375U) 


=f: 1are| 


10.8x10.8x7.6 


75 


<200 


500 


225 


<1000 


500 


400 


820 


500 


Sense 
NanoSat 


None 


UKube-1 


RAX 


CPOD 


None 


None 


FASTSat2 


None 


INSPIRE 


None 


None 


4.5 Mbps Tx 
15 Mbps Tx 


2 Mbps Tx 


230 kbps Tx 
115 kbps Rx 


46 Mbps Tx 


12.5 Mbps Tx 
50 kbps Rx 


5 Mbps Tx 


150 Mbps Tx 
50 kbps Rx 


300 Mbps Tx 


256 kbps Tx 
8 kbps Rx 


125 Mbps Tx 


300 Mbps Tx 


NEN, SN, DSN 
NEN, SN, DSN 
Partially NEN 
Partially NEN 
NEN 

NEN 

NEN 

NEN 

NEN, SN, DSN 
DSN, Partially NEN 
NEN, SN, DSN 


NEN, SN, DSN 


* Compatibility shown as advertised by vendor and needs to be verified at GSFC Compatibility Test 
Laboratory (CTL) 
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Quasonix S- Band 
Transmitter 


full-detent 
SMP/GPO s 


optional PC-104 
threaded-rod 


pass-thru other mounting configurations available 


Tethers Unlimited SWIFT-SLX 
6) 


Sample CubeSat Antennas For Lunar 


and L1/L2 Missions 


Antenna Development Low-Gain Patch 


Corporation Antenna (LGA) 


Haigh Farr 
S-band Patch eaten 
University of Southern 
OF-lliveygalt- Mm lilcoleeit-livelal 
Sciences Institute Space 
Engineering Research 
(OFT) (-1 am Co) 10109) 


Deployable High 
Gain Antenna 


Deployable High 


BDS Phantom Works Gain Antenna 


Antenna Development 
Corporation 


BDS Phantom Works 
1BY-y o) fo)Vi-le)(-Mal (ela mer- lame 
band Antenna 


Deployable High 
Gain Antenna 


Canopus System Horn 
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(4 x 4x0.25)" 


(94x76x4) mm 


(1.85x1.85x0.55)" 


University of Southern California’s 
Information Sciences Institute Soace 
Engineering Research Center (SERC) 


300 


Ant Dev. Corp: Medium Gain X- 
band Patch Array Antenna 


MU) at= lau (ex-1@10] 0(-mOxo)palanlelalcercuile)ame)\1(-100 Wa 


lris Transponder 


aun WUT at- 1am (ox @r0 | ol-merelanlaalelalcersiicela 
system consists of: 


— 4custom design X-band patch 
reValtclalarets) 


— Iris transponder without a diplexer 
» Patch Antenna performance 
characteristics: 
— Receive Band: 7.145-7.190 GHz 
— Transmit Band: 8.400-8.450 GHZ 
SCT: llaPaome| =) 
» Iris transponder features: 


— Modular design allows user to select 
layers necessary to meet needs, be 
it S-band, X-band, Tx, Rx 

seine Natoma (e-lals)ele)are\vm(ome-lelt-e)amie)(=1e-lalt 
up to 15 Krads and its memory 
modules are all radiation tolerant 
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» Iris transponder features 
foredalilalelsve b 


— Switchable discrete data rates 
¢ Telemetry rates ranging from 
62.5 bps up to 256 kbps; Lunar 
Kor=\@70] of-mism->.¢e)(e) alate msy(=)pnls ia vme re ice| 
rates of 16, 32, 64, 128 kbps 
cn @70) palaat-laveme-tictsme-vale]ialemice)anmoy-are 
bps up to 8 kbps, in powers of two 
— Lunar IceCube plans to use the 
power efficient Turbo 1/6 code 


Patch antennas and Iris transponder 
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Coverage 


> 


DESTIN ISLOM TIL M elgey ire (-m elaluit= 
TU) e) oXolam com Mblar-lm(ex-1@q0lel-melelalare| 
all phases, but the NEN would be 
Fle) (= Ma Com el cei (o(-m-Leleliiceyar-! 
comprehensive support 
— MSU has visibility for the 8-hour event 
ie) lKen 1 ale mel)9)(e)zpel=yalemel0)male) mielannal= 
next three cruise events 
— DSN/MSU will have lengthy periods 
where only one site has coverage 
As a Significant addition, the NEN 
oxolUlCoM=laelasm-Manlialiatlelipmelm ace) 
sites in view at all times and 
fo) oN Vi(o (= M10] 0) ol (-Vnal=lale-1m-lacem ey-(e7,¢0] 0) 
JU] e) ofey a 


id 


) ame =I: \-J-10 Melameelacslal Mi i) Mm eler- lite) aloe 


i(o] 0] mm Gi oy Tale mer-| ey-le)(-M-veLUr-iCelar-1 

Ti (cM Col 0] (eM of-ma-ve lel a-vem com ele) (e(= 
811 Me} Co) oy-]Mere\V(-1e-Tel-m com melar-ls 

Cof=1 O70] of-M oy-F-t-1e Me] aM itm te] (-vercel ay 


— The commercial sites SSC Hawaii and 
Australia are the only NEN stations 
currently capable of X-band uplink 
and would be ideal due to their larger 
relaltslalaretsmm Gong ta) r= lalem=elUr-Vielar-1 
Keter=litele 


— The NASA owned Wallops site has an 
11-m X-band system and is located to 
complement the coverage provided by 
the Hawaii and Australia sites 


wae Marswrscolelli(olameymiarsmere)anlaalsiceltclmciicmlal 
Hartebeesthoek, South Africa, which 
has a 10-m system, would ensure full 
global coverage 


— Note: Sites would require modification 


i(o)au Ul at=\am(ex-1@70]el-mere)peley-iile)iiihy 
) 


PANevalic\vc-le)(smmtcvale|iaremrevalem By-lr- Mets i (sts 


) ams MU at- lam (ox-1 010] ol-Mat-le Mere) at-j(e(-la-vomial= 


UEY=Wo) M=Vitalcyaecy-le [U(cval dtc] im colar 
ig-late| late Me) mu aa-y-veceleday (eo) \-m Cea) 
gclate| late Pm olel mar: lwo (-leq(e(-\e co mUr-y- 
y-Xe(U=Valdt-lme-lateliare| 
UT ar-Vam (ex-1 Ox 0] or-mlanle)(clencvaie-iicelame) i 
yoo (UC=valdtclme-lare flare mul meti=m alice) 
nakoxe(=\-mco) mel eliial @-lavemeyat-minrere(=) 
Co) mele ali ial 
momen clale|iale mel-it-mevar-lalal-)mar\alale m= maar-l ele 
iKe)al= mm colmme]e)ilalse 
momma O70) A0ln0r-Vacemel-it-Mmeval-lalal-)manrerele|t-tilale| 
a subcarrier 
Samra} [01¢](omCOlarcmeclareliare mevar-lalats)meliacveuhs 
folarctsxomanevelUlr-1ialemiaom mimmer-laais1a(e)s 
foley zaliialse 
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> ANEN link analysis was 


performed to evaluate NEN X- 
loy= Taye M-J0) ©) ole) amco) am MUlar-1m (e1-1@10] 0)-) 
Yer {=later-Mel-1t- Mere) al lial 
— Achievable data rate will vary 
(o{=yel~Jale| [ale me)amialomel(ir-lalersm (om tals 
sxe laamelOlaialemellic-)a-alm e)atctsyors 


NEN Achievable Data Rates ata 
Range of 400,000 km 


X-band G/T PXolal(s\iele) (= 


Station (dB/K)* Rate 


Wallops : 16 kbps 
Australia . 32 kbps 


Hawaii ; 32 kbps 


Hartebeesthoek “ 8 kbps 


* Clear sky and 10° elevation angle 


Note: The achievable data rate is 64 kbps ata 
400,000 km range for the MSU 21-m antenna 


Nt @o)\{=10-(0 [=m DJ Ulalale) Lunar Ic 
Deploy Phase - Video | 


LunarIcecubef 


Wallops Coverage (128 kbps) 


7 Oct 2018 15:39:56.961 
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z 
pathic Siriaas cS ee 
(mn DAS SSS 


baptlconentt of Lunar Teecube ‘from SLS 


=I NE @7o)\V/=) e-lel> mm DJ Ul al ale melar-lam (ex>1@18] e)~) 


Deployment Phase 


Australia AOS Wallops LOS 


Lunar IceCube Maneuver: 
No tracking during this time 
due to power restrictions 


NEN NEN 
TO CAD CALE A TO OAD SALE 4 
2:00 ; 4:34 


[site [Max Range | Achievable Rate 
136,626 km 256 kbps 


137,318 km 256 kbps 


Site Capability 
Hawaii Rx/Tx/Tracking 
Australia Rx/Tx/Tracking 
Wallops Rx 
Hart. Rx 


NEN Sites - 


DSN/MSU (6°) Sites Rx 


DSN/MSU (10°) Sites Rx/Tx/Tracking 


Event Start:.7.Oct.2018.15:39:15 
Event Stop: 8 Oct 2018 03:52:16 


Wallops AOS 


Hawaii AOS °e 


NEN 
Rx Only 
S37 


Coverage Times 


Maneuver 


Note: Coverage times are based on line of site coverage and do not guarantee commitment of asset(s) for service. All NEN coverage times assume a 10 degree 
minimum elevation for RX, Tx, and Trk. DSN/MSU assumes a 6 degree minimum elevation for Rx and a 10 degree minimum elevation for Tx and Trk. 
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WilolcslaTcr-leeyr-l(-meice)blalemelr-lilele Modifications — 
and Further Enhancements N 


>» The MSU 21-m antenna system is being upgraded under the support of NASA's Advanced 
=>4o}(o) g-1ilolamot- ad (er-\-@-\ ato) im Com ol- Mi al(clele-1ccloM lal comagi-m Dlo)) W-l--lam-lUb <iit-l avait lice)am Com-J0] e) elelal 
SmallSat missions 
Sem BAlISM\V ts] OMG] oe ]¢-\o(= 0)c0)[-101 Ms\-1a(-\omr-towr- Masts) mer-ts\>m (OM O(=1i[a[oM-M of-1i am (e)mlalccye]e-tl(e)ame)me)ia(=)melcele/alemsir-lie)arsmiem-je] e)eleyat 
SmallSat missions 
>» The ultimate deliverables of the two-year effort, to be completed in 2018, will be: 
1. Design that includes hardware and software upgrades necessary to provide deep space telemetry, tracking, and 
forolanlant= (are mie lareit(o)arsmeve)aale)|t-lal M1110 O1 Oto) Dro Mo) mt) 0)-1e])i(er-1 10) ats) 
eum Y= 010) al<ihe- 110) ame)mUa(om\V/ to 10mm es tnle-lal(-yalat-W-tow- me Bho) rere) aq] ey-lile)(-me) el=1e-18(6)ar-lmalele(=) 


<n Y= 000) al<yie-li(0)ame)me] cele] ale m=)\s-1(-1anmer=l ef-le)illi(-tsmlamelsyanreye 0) (-llale m= lave me(-lerele| [ale m@10]el-bot-Vm=)(-1aal=viavmel-1t-ber-(eer>)e) [ale m-lale, 
idgclarsiaaliteiale mere) pnlaat=lale(sm (eM @10]o\~ter-leseur- lalem e)ge)Uiie||ale Ble) e)e)(>1mr-laleme-lale|lalemer-lt- lm (0) @ O16] e[-tet-lme(-1-] 0) ey-(e-mar-hUlel-ldle)al 
strategies and processes 

Compatibility with uplink and downlink processes implemented in NASA's Advanced Multi-Mission Operations 
System (AMMOS) 


> 


0) IF/RF UC & || UPL er 
= Z Translator (Usfer-10) 7) 
(oe) i 
> ral Predicted 
= 5 6 eXeyiaitlare 
oN & 1pY oy 6) 6) (=) 
6 a) on Monitor API Link pert. 
i 
ERE ! 
Gap 
256 : 
os 170 
85 | 
of TL 
aa MSU equipment DSN Deep Space Operation Center Mission 
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Potential NEN Enhancements and Benefits _ wae 


> NEN commercial stations at Hawaii and Dongara, Australia have X-band 
Wyo) ital @er-]er-leyiiiavmuarcimecelel(o miele) ele)am =1\ Om marltx-Jlelarmiaiiam-yeli-murliace)s 
naexetbiter- Lie) alm com uat-t-1- my cL ele) abs 
— Addition of a tunable up converter and IF distribution system between the Cortex 
antetel=vaam-lalemialome) emere)anyi-1at-1s 
pam =i) mere) al-i(el=lalace m-(elollarem,rer-laremeleliinl q@mer-)ey-lelIIiaVmcomeltalclam\iAtoyAW | a1h| 
stations 
meer ool ii(eame) mm. Gi ey-lalomele)iial Muli mat-)| om aiiaminsve[el-lalea merge) collate Mm iamomel-lare| 


> NEN Cortex modem enhancements with 1/6 Turbo code and sequential 
eclaleliaremaeah Meclaleliacemiolmmece)ialer-iileyitis mu ditam =i) om mm Oxel el-tor-1emaaliy-j(e)alomer-laa ale, 
ale Mat e-lar-) eked ace (=1am om oley(cValir-lihVMelare(-)mexelar-die(-1r-licelal 

>» NEN ground system enhancements to achieve compatibility with missions 
or-laaYilale Mr-lam (atom ce-lal-j ekelace(-Tamyelel(om=lal-le)(-Mel-lal-1il mam atom eleuime)mere\(-1e-Le[= 
Vato mt: aet-lam el-r-lanWilelan 


NEN Benefits For EM-1 CubeSat Missions: 
Coverage 


NEN Four Station Architecture Providing 99.8% 
Coverage at 25,000 km 


> NEN NASA-owned and 


commercial ground systems Areas of no coverage _ 
are positioned around the Ky Wale 
fo} Co) of m- lao M-la--le)(-mcom e)gehvile(=) Gp tawaii 


Tlelaliicer:lalmcomielimerehi-)e-le[-m ce) 
Ore] olcboy-1mlamelat-lemelgeli me) s Py 
ex=\V(e) are! ] Hartebeesthoek Austra 
— Four select NEN stations could é 3 
provide ~99.8% coverage at 
25,000 km, the approximate 
distance where Lunar IceCube 
will separate 
— Full coverage, 100%, could be % 
achievable at ~35,000 km and ew" 
lot=y¥,e) ale Murctss<10]anlialemielelmsyr- lite) als 


NEN Four Station Architecture Providing 100% 
Coverage at 35,000 km and beyond 


Wallops 


Hartebeesthoek 


\ ° 
Australia 
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NEN Benefits For EM-1 CubeSat Missions: : | wae 
mystlaaluacelia 


¢ The NEN’s use of smaller apertures provides a larger beamwidth, compared to larger 
FV ol-Vatel a= Wal (ea mere Ui (om eol-valcilm MmUlar-l@@ze]ol-tor-1emN Tia melale-vat-liam-) elalsiiitsia meric) 
¢ SSC Hawaii and Australia 138m would cover over 2.5x the area of a DSN 34m | 
* WGi1 11m would cover 3.10x the area of a DSN 34m Ee 
~ 


¢ Assumptions: “Ae 

* Frequency: 8450 MHz Ts y 

* The Moon’s angular diameter is 0.5 degrees AIM ee 4 
¢ 3dB Beamwidth for Varying Antenna Diameter” 

* 10m = 0.250 degrees (half of Moon angular diameter) 

* 11m = 0.226 degrees 

* 13m =0.191 degrees 

* 21m=0.118 degrees 


* 34m = 0.073 degrees 


mm 
. 


a ie ? By : ; ‘on 
MSU 21m WG1 11m 


DSN 34m 


* Not all antenna diameters depicted in graphic 
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NEN Lunar And L1/L2 Support Without Any sh 
mialarclarersyaarsyall 


> NEN NASA owned and commercial stations support S, X and Ka 
lic=re|6[=)alenvm ey-lalels 

p dum Wal=ms)(- 1110) am Oxe) ai) axe nlole(=]pms10] 6)ele)arsm-M\s-la[-ih mem anlelelUlr-lile)am- lace mexele|lale| 
schemes, including power and bandwidth efficient low-density parity- 
check (LDPC) code, but requires a license upgrade for Turbo coding 

» Amajority of the EM-1 CubeSats will use the Iris transponder with Turbo 
oforellate 

» COTS S- and X-band Software Designed Radio (SDR) radios are 
available for use by CubeSats in lunar and L1/L2 orbit 

p aan | =4\ sie er=| Y= 10) (SMa iltareluimr: Tanyas) alatclalexs)aal=val (come) mcje) ©) ele) aij alem@x0|ol-rer-1ks 
UIsy] atom @1@M Rowe-\ol(olsmiamlelar-lar-1a (em Mm WA mmo) ae)im-valeme0/an-1a)m@xe)ac-) al aarele(=1p00 

p damn I -\e(=1o)itsmer- lam oX-mr-(exe10)00) 0) Fs )al1em Ol= 1A) (21510 Or Ul e\ctey-lmie-talsjanliiiiarem ele) (=) arclale, 
signal design, for instance Turbo vs LDPC coding, to achieve the desired 
fofe\Valiial@etctrsmesls 

>» NEN station S-band uplink can be used today to support CubeSat 
ofo)aavaat-vareliare) 
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NASA NEN Initiatives For Better Support Of sh 
OU] of=tor-hmOre)anlaaleraliny | 


pam Lae CoColiiceyamcom-yalar-larerciatl-)almeymelaelejarem-ir-licelatcmmiatcm | =) Mm oleery ale 
alot el(=miayiirstanvccrom com tal=(-1M@(0lcela-Mal-\-le (me) mlal-m Orel el-toy-lmecelanlalelaliayg 
— NASA missions can obtain services on NASA-owned antennas for free 
— NEN can broker commercial services for NASA missions 
— NEN is investigating partnering with other agencies/universities to integrate 
new antennas into the NEN that may offer lower costs and greater coverage 
>» NASA missions are required to pay for mission planning, 
Taycexe[e-idcelamer-laremcctytlare mci /aat-a Mem lates (elellalemexelanler-iale)iliavmr-lalem=Jare pi con 
end testing 


See = Ne lalo MO to) Om N= 1010) 4 @ulaiccxe [esl llelamiUtclarcle(olanl=)almOiii(exo MEN TIV(@ merean]e)(o1(-\omr-! 
Lean Six Sigma Project that explored ways to reduce MPI&T costs 


— The project identified savings that could total 60% 
>» NEN is also investigating ways to streamline NEN scheduling 
— As the number of missions increase, so does complexity 


— NEN Is investigating ways to handle the increased load without increasing 
scheduling staff 


(@feyarei(Ursilela | wae 


an 
DA a 


» The NEN is ready today to support lunar and L1/L2 CubeSats 


» Potential enhancements to Morehead State University and NEN ground 
SHesVALol arm VIII alelkststsiswnlalsmcvel(>)alersmas)iU eam ce )eam@i0|elsteyolecm-laremiesleliiielars! 
ale)am@se|elstetsim aalissoelals 


» Arelatively small investment in NEN ground station equipment could 
payoff over tens or hundreds of future missions 


» Advancements in flight hardware will also increase data rates and 
science return 


» The challenges for lunar and L1/L2 missions for communication and 
ar-\Vdler-hulo)amr-ta-manle(eva me |c=y-1(>) an ar-\aln (6) au m= @manltss<y(0) alse olUimr-le-male) | 
Taksieldantelelaltele)(= 


>» NEN ground systems could benefit lunar and L1/L2 CubeSat missions, 
Hares {U(elfalemdalom =4\"/om M@10lelotet-lmanlisxsyle)als 
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BACKUP 
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EM-1 Secondary Payloads 


EXPLORATION MISSION-1: 


LAUNCHING 


SCIENCE & TECHNOLOGY 
SECONDARY PAYLOADS 


be} cited | 
STAGE 


ADAPTER ; 
of SUPPORTS BOTH “Ng z 
PRIMARY MISSION 


AND SECONDARY 
_—“PAYLOADS a 


me) site), & 
‘ SPACECRAFT 


TRAVELING THOUSANDS OF 

MILES BEYOND THE MOON, 

WHERE NO GREW VEHICLE 
HAS GONE BEFORE 
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CUBESAT 
EXPLORERS 


GOING TO DEEP SPACE 
WHERE FEW CUBESATS 
HAVE EVER GONE 
BEFORE. 


SECONDARY 


PAYLOADS 1] 
THE RING THAT WILL 
CONNECT THE ORION 
SPACECRAFT TO NASA’S . 


SHOEBOX SIZE 
PAYLOADS EXPAND 


SLS ALSO HAS ROOM a OUR KNOWLEDGE 
FOR 13 HITCHHIKER * FOR THE JOURNEY 
PAYLOADS &% Ake) MARS 


* - $ \ 


AVIONICS - 
(SELF-CONTAINED AND INDEPENDENT 
FROM THE PRIMARY MISSION) 
SEND CUBESATS ON THEIR WAY 


#RiveOnSLS 


| 


Lunar Ice Cube Mission Design 


Transfer Trajectory 


D eployment 
-*2 


Maneuvers M, 


_ 


LunadFiVen 
~ unar VE! Sy. 
7 

Deployment to Flyby, ~ 6 days 
Flyby to Lunar Encounter ~ 90 days 
Capture to Science Orbit ~ 280 days 


Lunar Capture 
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| Close up of Post 
Deployment to 


Cal Maneuver 
> hr 


Maneuver } 
32 hrs 


Maneuver 2 
29 hrs 


‘Maneuver 3 
26 hrs 


4 


Lil 


Ul at= lau (ex>1 010] 0\-mm Ne-|i-\e1Ke) ay 


KX 
end: 


=== Deployment 


eee Trans-lunar Injection 


eee Science Orbit 


es«= Maneuvers 
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=I NE @7o)\V/=) e-lel> mm DOL al ale melar-lmu (ex>1@18] e)~) 
Deployment Phase #3 


Event Start: 9 Oct 2018 11:56:19 
Event Stop: 9 Oct 2018 21:56:19 
o 


Hawaii AOS Wallops AOS 


PNT age] |e Os) 


See, | 
Hart. LOS Australia AOS 
Hart. AOS 

Achievable Rate 

NEN NEN NEN 

Rx/TX/Trk Rx Only TCAD CARES 
1:16 7:38 1:06 
Capability 
Rx/Tx/Tracking 


Rx/Tx/Tracking 
Rx 
Rx 
NEN Sites 


DSN/MSU (6°) Sites Rx 


DSN/MSU (10°) Sites 


Dual 
Rx/Tx/Tracking 


Dual 
Note: Coverage times are based on line of site coverage and do not guarantee commitment of asset(s) for service. All NEN coverage times assume a 10 degree 


minimum elevation for RX, Tx, and Trk. DSN/MSU assumes a 6 degree minimum elevation for Rx and a 10 degree minimum elevation for Tx and Trk. 
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Deployment Phase #4 


Event Start: 11 Oct 2018 03:07:24 


Australia AOS ; Event Stop: 11 Oct 2018 13:07:24 
Hawaii AOS 
Hart. AOS 
Hawaii LOS 
NEN 
OAD CALLA 
wiOx0/6) 


[Site [Max Range | AchievabieRate | 
ee es 
| Hart. | 381litkm | 4kbps 


Site Capability Coverage Times 
Hawaii Rx/Tx/Tracking 
Australia Rx/Tx/Tracking 
Wallops Rx 
Hart. Rx 


NEN Sites : Single 


DSN/MSU (6°) Sites Rx Single 
DSN/MSU (10°) Sites Rx/Tx/Tracking Single 


Note: Coverage times are based on line of site coverage and do not guarantee commitment of asset(s) for service. All NEN coverage times assume a 10 degree 
minimum elevation for RX, Tx, and Trk. DSN/MSU assumes a 6 degree minimum elevation for Rx and a 10 degree minimum elevation for Tx and Trk. 
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Outbound Lunar Flyby 


NEN NEN No : : NEN 
Ot] Ain CAB CALE 4 Coverage CAD CALLS 
1:41 3:45 ; 3:47 
Ls ; 
- 


Australia Keys 


No coverage during / 
lunar occultation Hart. AOS 
~45 minutes 


[site | MaxRange | Achievable Rate | 
| Wallops | - 
| Hart. | 400,463 km | 4kbps_ 


Site Capability Coverage 
Hawaii Rx/Tx/Tracking 
Australia Rx/Tx/Tracking 


Wallops Rx 


cultation 


Hart. Rx 


Oc 


NEN Sites - Dual 


DSN/MSU (6°) Sites Rx 


Lunar 


DSN/MSU (10°) Sites Rx/Tx/Tracking 


Note: Coverage times are based on line of site coverage and do not guarantee commitment of asset(s) for service. All NEN coverage times assume a 10 degree 


Event Start: 13 Oct 2018 05:11:47 
Event Stop: 13 Oct 2018 15:11:47 


Hawaii AOS 
Australia AOS 


minimum elevation for RX, Tx, and Trk. DSN/MSU assumes a 6 degree minimum elevation for Rx and a 10 degree minimum elevation for Tx and Trk. 
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HA6) 


NEN Coverage During a 1 
science Phase 


Maneuver 


lunar occultation 


~40 minutes 


unar_IceCube 
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NEN Coverage at Lunar Distances mm. (CG 
HU \ 


NEN Three Station Architecture Providing 89% Lunar Coverage 


Wallops 


SY O Hawaii ies 


Australia 


NEN Four Station Architecture Providing 100% Lunar Coverage 


Wallops 


NN QO Hawaii ~ 
. 


Hartebeesthoek 
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Pre- and Post-Upgrade Targets 
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7.0 — 7.8 GHz 


70 K 


215K 


62.0 dBi 
(@ 7.7 GHz) 


-175 dBm/Hz 


37.5 dBi/K 


GPS (40-ns) 


No 


No 


Current Values Post-Upgraded Targets 


7.0 — 8.5 GHz 


<20K 


<100 K 


62.7 dBi 
(@8.4 GHz) 


<-178 dBm/Hz 


40.4 dBi/K 


MASER 3.3 E-14 over 100 
secondspse) 


Yes 


Yes 
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